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FLASH MEMORY DEVICE HAVING A PAGE Because memocy cell !• operates as a field effect tmsista:, 

MODE OF OPERATION electrodes shown in EIG. 1 as the drain D and the source 

S may interchangcaUy be used as cither source or drain 
This is a continuation of application Set No. 08/699,490, depcndii^npon the particular ooBfigurali<Hi of memory cell 
filed Aug. 19. 1996, now abandoned, 5 10 and tius operath^ diaracteristics applied thcrrto. 

As shown, die prior ait senshig system 5 detects liie 
FIELD OF THE INVENTION amount of cdl drain current 1^ that results from applying a 

^ . ^. 1 * 11 ^ « read voltage to the select gate SG of memory cell 10. 

The present invention relates generally to memory depending upon the amount of charge stored on the floatmg 
devices and more paitiCTlaiJr to a nonvolatde mcm^ gate FG of memory ccU 10, the cell current t may vary 
device having a page mode of operation, anywhere from zero to apjraximatdy 100 microamperes 

BACKGROUND OF THE INVENHON ^^J^ ^^f^ ^ff^ ^ ^ T^^'^^Iua^. . 

The select gate SG ai memory cell 10 is coupled to a 

Nonvolatile rocmoiy devices such as Electrically Pro- wordline (not shown) to receive the read voU^e V^j, die 

grammablc Read Only Mranories (**EPROMs''), Electrically 15 drain of memory cell 10 is coiq>led to a hitline (not shown) 

Erasable Programmable Read Only Memories ^ whidi sensing system 5 is coupled to detect the strength 

("E^ROMs**), and flash EEPROMs include an array of of the cell current Iq, and tiie source of memory cell 10 is 

noniralatile memory cells and supporting pedphory circuitry coupled to a ground potential V^^ to give rise to the cell 

for accessing the array. A nonvolatile memwy cell typicxdly current Ijy that flows from the drain to the source as shown* 

behaves Hke a field effect transistcn- and includes a select (or 20 Thus, memoscy cell 10 operates as a puH-down device. 

control) gate that controls the reading and wxitiag of data to a c(STesponding pull-up device is found in column load 

the memory cell and a floating gate that traps diarge to alter circuit 19. Column load circuit 19 is shown as including a 

the datum or data stored by the memory cdl transistor 20 that is biased to operate as a pull up device by 

As charge is added to die floating gate of a memory cell, a gate voltage V^^^ A drain bias circuit 12 is coupled 
diethrcsbold voltage V, of the memory cdl inaeases, and 25 between the drain D of memory cdl 10 and column load 
the mraioiy cell drain current I^ Tcdl cmraitr) deaeases. drcnit 19 to ensure that the dndn D of memciy cdl 10 does 
Ihe memocy cdl threshold voltage V, is rdated to the not drop bdow a predctsxmiBed voltage (e.g. approximatdy 
memory cdl drain cnncntlx> by die expression: «ie vdt). Drdn bias drcnit 12 is shown as inchiding a 

cascode transistor 15 and feedback drcuitiy 17. Feedback 
ix>o(Gi«>flCV<rVf)fcr Vj;>V0^, 30 drcoitiy 17 provides a necessary vdtage to the gate of 

^ . . *u «**i.^-,-«,^«.ii.v transistor 15 such that the drain Dctfmmory cdl 10 does 

wheremG„isthetransconductan<»offtemem0iy not drop below die predetennined voltage. 

isdiememcjycdl^tevohage;V^isthem^ On«the^dvd£ 

voltage; andV is the ^ ofLnory cdllOvS?am<Snt^arge^^ 

Given dm rdationdup,th«e^^^ gate^temunes the strength ofdie cdl current t and the 

methods for scnsmg the amount of charge sta^ ^ pull-down provided by memory cdl 10. 

floating gate of die memory cdL indudmg die foflowmg: ^^yl^^™ ^^..^^^^ , J^^^ ^ cr«e<CSy cdl 10 

1) sensing die cdl current <tf a mem<My cdl when a acts as a strong pull-down device to overcome die pull-up 
constant voltage is j^Ued to the sdect gate cf die p^yjOoA by cdmun load ckcuit 19 sudi that die negative 
memoiy cdl; 4q ij^^ ^ difierential sense an^lifler 25 is disdiarged 

2) sensing the amount of voltage required at the sded towards ground. Sense amplifier 25 ccns^ares the voltage at 
gate to give rise to an tacpectod ceU current for die negative input to flie voltage at its positive input, ixdnch 
memory cdl; is supplied by a reference circuit 30. Accocdhig to common 

3) sensing a voltage drop across a load that is coupled to poor techniques, refer«ice circuit 30 indndes a refmnce 
thedrain<^thememo]7cdlwhenaconstantVQltageis 45 ceE (not shown) that has its floatii^ gate diarged to a 
applied to die select gate of the memoy cell, whereitt pcedetemiined level coupled to a drain bias circuit and 
the cell currmt determines die amount of the voltage column load circuit identical to diose shown of seising 
dr<^ across the load; and system 5. 

4) sensing the amount d voltage required at die select Using the sensing sdieme embodied by sensing systems 
gate to give rise to an e:q)ectcd voltage drop across a 50 requires aidatlvely large ainount of curreiit to read inenwry 
load that is coupled to die drain of die memory cdi cell 10. For exan^* eadi of the memory cdl 10, the drain 

Once sensed, flie amount of charge detsmincd to be bias circuit U, and die sense ainpiifier 25 requuecmrentfOT 
stared on die floating gate is decoded to correspond to one operation and dierefore result in power consumption. The 
of n possible states, n being two or more, and die binary amount of power consunq)tion required by diese compo- 
representation Oog2n) of die determined state is ou^uL One 55 nents of sensing system 5 results in the ability of sensing 
disadvantage of the above-described mcdiods, all of v^iiich system 5 to sense relatively few memory cells (c.g. 16 or 32) 
require an active cdl current is diat a reUtivdy large in parallel 

amount of current is required for sensing each cdl, which SUMMARY AND OBJECTS OF THE 

reduces the mnximmn numiber of cells diat may be sensed in INVH>mON 
paraUd. ® 

no. IshowsapiiorsensingsystemSthatisuscdtosense Therefwe, it is one object of die present invenUon to 
the state of, and therefore the data stored by, nonvolatile provide a niediod for sensii^moenonvdatae memory cells 
memory cdl 10. Nonvolatile memory cdl 10 includes a in paralld flian previously aflowcd by typical i»iar art 
select gate SG, a floating gate FG, a source S. and a dr ain D. mediods. 

Memory cell 10 operates as a fidd effect transistor (FBT) 65 It is a further object of the present invention to use die 
having a variable dueshold voltage V, that is dianged by method to provide a page mode of operation for a nonv<^< 
adding and removing charge from the floating gate FG. tile memory device. 
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It is a further object of fee present invention to provide a stored by the nonvolatfle memory, the amount of power 

method fa sensing the cdl dwcshold of memory ceU rather r ecpired to read eadi ceU is reduced sufficient^ to allow far 

San the cett currem of the memory cdL an entire sdcctcd wordline of n^emoiy cd^ ^ be read 

^ . ' . . _ . . simultaneoiisly- Wherein the amount of tune required to 

Itisafurthero^ectoftheia^entmyentionto^^^ fom a sinde read operation using the described mettiods 

methodfarsensingamemorycellwithoutusmgaclrambias ^ i^ay, under some drcumstances, be longea: than flus amount 

circuit or a differential sense amplifiei: required to read a memory cell uslo^ some prior at 

A method for detcnni&ing data stored by a memory cell is schemes, the fact that many more memory cells can be 

described. The memory ceil has a select gate coupled to a sensed in parallel allows the sensing time to be amortized 

wordline, a lirst electrode coupled to a Wtline, and a second over many more cefls so that the average amount of time to 

electrode' coupled to a conductor. The method comprises: read eadi cdl is significantly reduced and performance is 

floating die bithne; applying a first voltage to the wcardline; inaeased. 

applying a second voltage to the conductor such diat the Hie sensing system that operates according to present 

bifline is set to a third voltage that is equal to the first volt^e embodiments, as described with respect to PIGS. 2-10, does 

minus a threshold voltage of the memory ccU; and sensing not require the drain bias circuit, a differential sense 

the thirdvoltagc to detennine die date stored by die memory " amplifier* or an a<^ve cell current in order to accurately 

cell. For one embodiment, the memory cell is a nonvolatile sense the amount of charge stared on the floating gate of a 

memory cell memory cclL Instead, the sensing system and method 

Other objects, features, and advantages of the present ^^^^ ^ 
inv^tionwmbeapparent&omtheaccoi^ ^ 

^ ftom ihe dctaSSd description which foEows below. '^^'^'^y'^l't^:^^Il^^ 

ouu u^«u M* r-* ^ manner in which the state of a memcny ceE may be 

BRIEF DESCMFITON OF THE DRAWINGS sensed according to the present embodiments. FIG, 2 shows 

^ - t a memory cell 35 having its select gate SG coupled to a 

The present invention is illnstrated by way of cxsmpit ^^^ijj^ its "drain" D coupled to a bitliae 45, and its 
and not limitation in Ihc figures of the acconyanying 25 ^^^^ g floating. The process o£ sensing the state of 

drawings, in which liker^ences indicate amilarelemaits, j^^^^ ^tli 55 is begun in HG. 2 by setting the voltage of 

andin which: bitline45,andtficrcforethe"drain"Dof menKxy cell35.to 

FIG, 1 is prior ait circuit diagram of a sensing system system ground Wss* Altraatively* the drain D of menKsy 

including a memory celL a drain bias circuit a column load 35 ^ Wss- As shown in HG. 3, die 

circuit and a differential sense an35>lifiei; ^^y^jj^^ potential Vss ^ removed from bitline 45 sudi that 

FIG. 2 is a nonvolatile memory cell configured according botii tiie "dRun** D and "source" S <rf memory cell 35 are 

to one steps of a m/^hod for sensing data stored in tiie floating. As shown in FIG. 4, a read voltage is then 

nonvolatile memory cell; applied to woidline 40 while a bitline 45 and the source of 

FIG.3istiicnc»YolatileincniocyccUofnG.2configwcd memory cell 35 remain floating. ^ ^ ^ 

according to anoflwr step <rf the method for sensing data BiFIG. 5, a source voltage V^is applied to the source 

stored in die nonvolatile memory cdU S of memory cell 35, which results in the «dram« D of 

Fia4isdienonvolatilemem«y ceIlofnG.2configured ^^^^^^ T^Ff^tTZirlTuZT^ZT^ 

according to anodicx step of die mediod for sensing data (V<r;yj The vahie of the ''f^^'fj^^^^^ 

stored in die nonvolatile memory cell; 40 '^^f ^ « to digital convert^ 

, „ ^rTTf- ^ ^^nr^rr^A Applving tho sourcc voltage Ve to memory cell 35 acm- 

HG 5istiienonvoUtilei^mory cen^^^^ ally^in die functions^f die "drain- and "source*^ of 

according to anodier step of die mediod for sensmg data ^ y^^^^^ ^ ^^^^ 

stored in the nonvolatile memory ceU; ^drain** <rf memory cdl 35 now operates as the "source" of 

Fia 6 is a programming window for a nonvolatile ^ memory cdl 35, and vice versa, 

memory cell; ^ mefliod and system shown in FIGS . 2-5 enables die 

FIG. 7 is a memocy device including a memory ceH array ^ threshold voltage Vt of memory cell 35 to be 

and per^hery drcuitry; soised. Many pdor sdiones soose the cdl current Ix> and not 

FKj. Sis oneembodiment of a memoiy cdlarray c^HG. ^ oesH tinreshold voltage Vt of a memory cdl. The cell 

7 including wordlines, bitlines, source stn^s, source cacrentlj^ is a function of many parameters diat can lead to 

difiusion, and memory cells; sources of variation in die cdl coneot l£> from memory cdl 

FIG. J>isametiiodfarsensing data stcoedinm^OTory ceils to mfizniHy cdL 

coupled to a wordline; and "Wheat memocy ceU 35 is a flash manory cdL tiie ceU 

FIG 10 is one embodiment of periphery drcuiny of HG. threshold voltage Vt determines tiie ceU current I^. 
7 indudmg a voltage regulation circuit voltage switdies, 55 Therefoe, in order to reduce the v^aMlty of die sensed 

row and column decoders* sensiMdrcuidy, and an optional data stored in memory cells, it is prcferaUc to sense die ceU 

control engine. tinreshold voltage Vt rather than die cdl current I^^ 

AdditionaU/, many of a flash memory cell's parameters rdy 

DETAILED DESCRIPTION on die cdl dffeshold voltage Vt not tfic cdl cunent I^^ For 
A method and associated apparatus are described herein 60 

diatprovideforsensingthedato^oredby anentirewordline proportional to ^ cdl dirwhdd voUage Vtnot tiie cctt 

of armory device i^ parallel wiAout'^die excessive con- ^^'^^.^^^^TlS'f^u^^ 

sumption SlcunentTlieadvantagesofAepresent^^ ^arge gam) are related to 

mShod and appamtus are provided, in part by perfonning Therefore it is preferable to sensetiie cdl tin«shold voltage 
read operations of die memory cells widiout requiring an 65 Vt rather dian die ceU current I^. 

active cell current I^ (i.e. approximateiy zero DC cell The scheme iUustrated in HGS. 2-5 does not requnre an 

cunent). Because no cdl current is required to sense die data active cdl cunent I^ die use of a dram bias orcmt, or a 
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differentiai sense anq^lifier. Therefore, substaatiaUy less as having their sources coupled to a source dif^ion 130 that 

pcwerisrequiredtoseiisedatastoredbyiuemocy cell35 as is coapled to a source strap 131. Addidooal biHines, 

qpposed to prior memory celb(e.g.]Qicmaryce^ wordUnes, source diffbsioDS, source straps^ and memory 

1). The reduced pov/er required to sense data stated in cells are implied by FIG. 8. 

memory cell 35 enables more memory cells to be sensed or 5 Memory cell array 75 ofHG. 8 may be man^ulatedintiie 

read in parallel than previous schemes would allow. For one mannet shown in FIGS. 2-5 by appropriately applying 

embodiment, an entire wcrdline of memory cells (e.g. 1024) voltages to billines 120-122, sonrce straps 131-132^ and 

may be sensed in parallel wordlines 100 and 110. As may be seen, a voltage ^Hed to 

According to the present embodiments, botii the read a particular wordHnc will be applied to the select gates of all 

volUge ^plied to the wordline 40 and the source voltage of the memracy cells coiq>led to that wordJine. Fot example, 

V5 are selected in view of the operating diaracteristics of the applying a vohage to wordline 100 will result in each of ttie 

memory cdl 35. Specifically^ for the example whctein memory cdls 101-103 having that voltage ^plied to dieir 

mcmciy cefl35is a flash memory cell, the rai^e of possible selectgates. As will be discussed with respect to FIG. 10,tiie 

cell threshold voltages Vt provides a programmhig window manipulation of wordlines 100 and HO, bitlines 120-122, 

that may be subdvidedmto a number of distinct states. The and source straps 131-132 may be done uang conventional 

number of states into which the p r ogr a mmi ng window is circaitry. 

divided detemnnes die number ofbits stored by the memory fiq« 9 summatizes a method fcx reading all of the 

cdl 35. For exan^e, if a programming window is subdi- memory cells cou{fled to a single wordline (e.g. wordline 

vided into only two states, memcHy cell 35 is capable of iqo of FIG. 8). The process begins at process block 150 
storing only one bit of data. AUemadvely, if aprogtamming ^ typically in responjse to receiving a read request as decoded 

window is snbcfivided into eight distinct states* memory cell firom ^e control signals of memory device 70. At process 

35 is capable of storing 3 Hts of data. block 155. all bitlines of die memory cdl array 75 are 

FIG. 6 shows a prograroming window SO as a ftmcticm of grounded, and the bitlines are floated at process block 1450. 

the threshdd voltage As shown, a imniraum threshold The acdons of process blocks 155 and 1^0 may be per- 
voltage V^detoes a lower boimdary of the programming ^ formcdconcuirendywifli die decoding of an address by the 

window 50. and a maximum threshold voltage defines row and cohnnn decoders of memOTy device 70 (shown in 

an upper bound of the programming window 50. The lower FIG 10), Given diat all of the memory cells coupled to a 

bound of programming window 50 is detennined primarily wordline may be simultaneously sensed, the use of acohmin 

by over-erased conditions of the flash memjMy cell, and fee decoder may not be required. 

upper bound of programming window 50 is determined ^ Atprocessb]ockl<>5, the read voltage V^is applied to <he 

primarily by t««rmnwi programming voltages and cell selected wordHne, and desdected wordlines arc grounded to 

disturbs. prevent the switching on of the mem<r^ cells attached to the 

According to the present erribodiments, the read voltage deselected wordlines. Again, tiie read voltage V<7 that is 

Vo ^ selected to be greater than die maximum threshold 35 ^lied to fee selected wordline is selectedto be greater than 

voltage V,^ The source voltage V5 is selected to be equal fee ma xf rnn m threshold voltage obtatnatile tiy a 

to (V^-V^, which is fee maxhnumpossxTde swing of monory cell of manory cell arr^ 75. 

fee bitline. When these constant voltages are ^lied to At process block 170, a source voltage Vj is ai5)lied to all 

wordline 40 and fee source S of a memory cdl 35, bitline 45 fee sources of all tiie memcny cells in memory array 75 by 

ooi:ypled to fee drain D of memory cell 35 will eventually ^ coiqpling the source voltage V5 to fee source straps of fee 

achieve a IX: value proportional to (Vor^, ). For one memory cdl air^. For ofeer layouts of memory cell array 

eanbodiment, fee read voltage is approximately 5.5 volts 75, fee source voltage V5 may not necessaniy be applied to 

and fee source voltage is i^proximately 3.0 volts. aH fee sources of fee memory cells; however, fee present 

FIG. 7 shows one embodiracait of a memory device 70 scheme wiU work so long as all of fee memory cdls of fee 

featinchidesamem<Kycenatray75andperiphMycircuiliy 45 memory cdl array 75 that are to be read have tfadr sources 

80. Memmy cbH array 75 con^nises a raultipUdty of set to the approfttiale source voltage V^. 

memory cdls arranged in rows (wcodlines) and oolunms A predetennined period of time is allowed to d^se so 

(bitlines) sudi as feose shown in FIG. & Penphery circaitry that fee bidines coupled to the selected memory ceUs ate 

SO includes circuitry for reading and writing of data to fee allowed to achieve a steady state voltage proporttoaial to 

memory cell array 75 and an interface to fee data bus 85. 50 (V^V^). Eadi of faitiines 120-122 may have a differrat 

Periphery drcoitcy SO is shown as induding power supply voltage as detennined by fee fere^(^ vdtages of eadi 

inputs Vcc and Vgs- programming voltage Vpp, oontrd of memory cdls 101-103. At process block 175 bidine 

inputs CIL (indadmg diip enable, ou^t enable* etc.), voltages for each ci bidines 120-122 of the memory odl 

address ioputs ADBR, and an I/O pafe to data bus 85. array 75 are sensed. The bitUnes may be sensed in paraUd 

FIG. 8 shows oae embodiment of memory ceU array 75. 55 or subsets of fee bidines may be sensed sequ entially ^ For 

Dqwnding upon fee storage capacity of memory device 70, exan^le. given 1(X£4 bitlines, fee pedfixcry arcmHy 80 of 

memory cell airay 75 may include several hundreds of the memory dcvfae 70 m^ be configured to sense fee 

bidines and several hundreds of wordlines. HG. 8 shows a voltages of all fee bitlines in paraHd or to sense a s^set of 

sub-section of memory cell airay 75 that inchides a pluraUty the bidines at a time (e.g. satcM). So long as fee rrad 

of memory cells 101-103. all of which are coupled to 60 voltage and the source voltdge are applied to fee 

wordHne 100. and anofeer plurality of memory ceUs memasy cells of the sdected wordline. fee bifhne voltages 

111-113, aU of which are coupled to wordline HO. BitHne on bidines 120-132 wiU maintain a DC value proportional 

120 is shown as being coupled to fee drains of memcxy cells to (V^^r-V^. 

101 and 111, bitline 121 is shown as being coapled to fee Providing sufficient time to allow bitlines 120-122 to 
draios of memory cdb 102 and 112, bidine 122 is shown as 65 achieve a DC voltage may require a longer period of time 

being coupled to fee drains of memory cells 103 and 113. than normally required by prior art sensing schemes; 
Eadi of fee memory cdls lOl-l^ and 111-113 are diown however, fee fact that all of fee memory cdls of an entire 



